Seeirching PAJ 



Page 1 of 1 



PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 2001 -0441 91 

(43)Date of publication of application : 16.02.2001 



(51)Int.CI. 




H01L 21/316 
C08J 7/04 
C08K 3/04 
C08L 83/04 
H01L 21/3065 
H01L 21/312 
H01L 21/768 
// C08J 7/00 




(21 Application number 


11-211501 


(71)Applicant 


: SONY CORP 


(22)Date of filing : 


27.07.1999 


(72)Inventor : 


IKEDA KOICHI 








FUKAZAWA MASANAGA 








KITO HIDEYOSHI 








HASEGAWA TOSHIAKI 



(54) LAMINATED INSULATING FILM, MANUFACTURE THEREOF, SEMICONDUCTOR DEVICE 
AND MANUFACTURE THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the performance of 
a semiconductor device, such as signal propagation delay, 
by reducing capacitance between interconnect layers and 
capacitance between interconnects while forming a silicon 
oxide film containing carbon on an organic insulating film. 
SOLUTION: A silicon oxide film 12 containing carbon is 
formed on an organic insulating film 11. Due to carbon 
present therein, the film 12 exhibits low relative permittivity 
while still holding the inorganic properties of a conventional 
silicon oxide film not containing an impurity such as carbon. 
Therefore, even when the insulating film having inorganic 
properties is formed on the film 1 1 having a low relative 
permittivity, lower relative permittivity can be achieved. 
Thus, a laminated insulating film 13 is interposed between 
interconnect layers and between interconnects, whereby 
capacitance between the interconnect layers and between 
the interconnects can be reduced, and this contributes to 
improving the performance of a semiconductor device, such 
as signal propagation delay. 
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(57) 

[if] *-«lft»HLkK:, *0>*TttM6»BWS««i-3 

3. OJ^T) ft^Sr-^tf^y ='>mkm&1&l&1rZ8. 

*mftRI!Rl l ^©tMill l 

SiffiSKi 3-c-fe*), ^fgSr^tf->y =>>®Hbig|i 2 
l«©Bf©8 a t%Sk±2 5 a t %«TO^ig Sr^A/ 




1 

[if**l] tMili, 

£ *» & ft 5 - £ ^#g!c £ -T Sffi^^#M„ 
[ft**2] IrlEISJBSr^tfVy =v»^Ktt, m<P 

(DfcmMtf 8 a t %&.± 2 5 a t %&Ttfc5: £ 

«ti-a»**iiE*oar»ift*iBi, 

[if** 3] *«±Ki*«l6ltJ»Sr*ll!l-rsifii:» 
■MfclKSr JfcJB-*- <5 II £ feffi tl It i £ $r <KrfR £ « «t« 
[ft** 4] siflS^^Sr^tp^y s^-fkKEtt^ftiS 

oG*»«ri&* Lt»«t5 i t z&mt -r £»** 3 
[f***5 ] stif2^^sr-g-tf->y = v-^m^K^w 

8 a t %W± 2 5 a t %&LT t <fc 5 f-J&JBI 

-r a i .£ £ -r 5 it** 3 iE«<Da® «fe^«»at 

[ff**6] ^Mtr{ix.yt^^s{c*jv^-r, 
mmffimm<D<j?t£< t t>— asm, 

<Dl%mmfr 8 a t %«_t2 5 a t %6lTtfe5r £ 

fit £ -r z> It** 6 iaft<z>3&*#&tt. 

[IS** 8] Sfi±Ctilfe8I^^t5Igi: , 
MIE*«liieiWlt±fc«*S:*tP">y a^ISftlRSrft^ife 

[ft**9] iulE^§{f£^ir->y ^ vg£teBSfi*$£ S 

oG^^^br^-rsr £^itmi:-r?)i***8 
lit**i 0] mfiE^*sr-g-tf->y => ^mit^m* 

<Omm-&& 8 a t %W_h 2 5 a t %«Tt <fc 5 f-fiS 
JRf 5rtt«fftt5 If** 8 fHic»^*^B<0$J 

[000 1] 
[0 0 0 2] 

.J■mlfittffiSlr»iwi£p^tt^RSr^v^^r. £a^* 



(2) #31 2001-44191 
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>jK^>?at«* (1 9 9 7) fi«;i|fltKJ:oT*#S 

IKS'!) =VSr^*v>*«|jJ«y v-?rfffit5t)Of 
[0 0 0 3] Jif5*«i(6»K*JPXrS(Cttv'j; 

(1 9 9 8) ffiKtefc«fcoT«^£i'LTV^ 0 jpxffi-^ 
^ <h ttfflv>fc^5 3 v»ftl*tt#«lft»M^Jpx« 

Sr-^tf^^-eJOX-t-SCir^^tSds. rco^/^^T*^ 
W«*ig:lBoinxtt3ifrU^< i\, ApxilW 

[0 0 0 4] ^Lt, ESlgtli, -eo^n-fe^ta* 

7> (S i H 4 ) (09x.fi 1 0 0 s c c m) i:— 

£Sf (N 2 O) fflitf2 0 0 0 sccm) £^Pfi(N 

2) (WifflOOOsccm) t^7X-7CVD8 

[0 0 0 5] 

^tcJ: t)*S^Jpxi-SrtdS"C#5RS. KflS^V — 

^ s *Sia5o a[*^^*fflv^fcJDx■r*&ort>, K 
*p ntfc s ^r«y&i^ j^o @ ffl (D mt ^ <p & e> ^ jut ^ ^ 

»»RJSdSitfTb, (tl<»8*S 
[0 0 0 6] i:5T\ L S I SKgXSOKiRXg-CS' 

SE*Srfflv^5 0 Sfcx h7^ (TEOS) 

5^ V^o 



3 

[0007] *«ift*K±^fcaea[<ovy ^mtm 

[0 0 0 8] 9fflt^*tr#fc^>^ 

(1) fc^-TJ; 5f-. S4R1 0 1 _hic|g l mm l 1 1 
2 S 7I^££*U ^<£>l? 1 <£>SEI£ 1 l 

V =* 113H*1 112M1 

coia^ ill f-is-r^m i ©saTL 114 

1 (Dmmn 114 ^smc^ 1 ^115 

[0 0 0 9] $ btc, »i©'>9 3>-S6Ykffil l 3_h^ 
fi, |g2 6DlE£Si 1 6*s^ Six, ^£>ij?2coiaigi 1 

Mil 7i;:!g2<DlEISi 1 6 2 <z>SM*?L l 1 

9dS®ric$tb. J t(D$&2(D&]gaLl 1 9 6Df*)3$K:f3;|f?2 
(D-y^V l 2 0^^^^x^SrSJ?>aA/-X?»fiKSixT 

[0 0 10] — ;&\ ffl^^'»iajR-X?tt, 0 7 

CO (2) f-Tj^J;?^ £«2 0 1±tf l^tffiffii 
J@|2 1 1 ^?g£Sc£;*x~Cl^T, § ibtC-^GOJhtcfjgl o^y 

^2 1 2^KO«ffiii2 1 ltCf^mi^®2 1 

ia^2 i 4&mom2(Dmmmmm2 i5/»2©i/y 

^^12 1 6, «3©*«l6g:K2 1 7, »3<^> 

[0 0 1 1 ] g3o^y ^|«2 1 8 i^3<0*« 
%&mm2 1 7i(lfj;, ^20^2 1 9&j&&£tl* 
rtffifc:S2 0iB<ft2 2 0^j££;txTV^ o »2(J0Vy 
=»>-ie-fkBS2 1 6 ^JB2^««fi»R2 1 5 £\Zfr, % 
2(DW£k2 2 0£fglCDlE>»2 1 4^gif.^l(7) 

s«?L2 2 l^figsix. ^<Dmi(ommii2 2 i<Dfa 
[0012] $ e>m, »3©>^y = >-BKfcBS2 i 8_htc 

tt, » 2 <Z>IEI§ 2 2 0^15, IS 4 0#fl|«|RIK 2 2 3 

tB4ovy =i ^mit^2 2 4 t^jiiir^jisix-^ 
s 0 ^<n%A(ni/y 3^182 2 4 tmitommmm 

JH2 2 3 <*rt£te, %2(nmWk2 2 0fc^5^2Og^ 
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?L2 2 5#^/££tK *^2<Z>SJR7L2 2 5(0rt«P^ 
fi^260^^^2 2 6^j£$ixT^5o 
[0013] ±EB7 0 (1) , (2) {^L^BES 
^XvCVDfefa (9, ^ft^fX^frBMft 

[0 0 14] Sfc. B9f5EI7tJ:J:oTKMbfc#*jg^ 

mmmic&mmmfc(ntcfr<Dmmmmmt u-c. «s*.tf 

»£\ vy =>'ift<fc:iR^itR«*36S4. 2 
^fS^J^^fe^J^v-y ^^ft^tcj: 

lfiS«£ ^>y = >-8MfcK£ ^^^^rfcj^co^lt^m^ 

iajftra^soissas^+^^wfeixi*. {f^effi®^ 

[0 0 15] 

[ooi6] mmmmmt, ^(D^mm 

#8 a t %KA±2 5 a t%|^Ti^otV^ t^tfc 
[0 0 17] J:fB8l«lftl»Bt^fi, 

y =>-^tifids?KfigSixrv>s r t ^?>, 
^ m&^y^isy-**?(DtfFm^irz>o sstsTg- 

25a t%£JlTt4tttV^Ci:^b, JfcRS**^* 

tf2. 0-3. 0iSi45o Lfc^oT, 
i^^^^atPi/ y =i ^^<kM^r Sr^fc-^Dt JtB5«*fi 
3. 0BTt45, (£R«**ieil»HI*s«*S*LTV^ 

[0 0 18] ft*5., K*Sr-&«>^y 3>-»-ftB|Efa©«S| 
O^^S^ 2 5 a t %Srffix.5«t 5ftttffi*Cl*Si:, ^ 

tt«^afi*^ o #^^^60^**^3 o a f%4i8i5 

w-rstoiftt), mmmmm(D^y^>y-?*? t l 

**4v^^■y =^»it«i:KfflRl*t> L< f^^ix^ofiv^ 
50 it(D^^+^{z3\^m^:^\ 



s 

[0 0 19] aStt»«©«3t*jfett, *S±K*«|ft 

£*Sfft^8 a t%Sl±2 5 a t %J^T £ ft 6 £ 5 tC/£R 

[0020] ±i5a»iie»Bto«ie*ffi"eH:, ^mmm 

^8 a t %^_h2 5 a t %J^T£ft£ J: 5 K^SiSr&tf 
<ft*9, 0iJxtf2. 0~3. 0SStft-5 o Lfc^o 

[0 0 2 1 ] ¥»#3gfi«u *e«Ro>4>* <kh—U 

t-&*k Ki^tpvy t<Dmtp<D$zm 

4^8 a t %^L_L2 Sat %KTiftotV^5 t^fe 

[0022] ±ie^ffsisT-«, mmm<D'j?f£< 1 t 
4. 2) &mm^h<v£v&Mmm&i&\<^h<Dtte 

>'le^tlBifi^b^««^S:'&**v^^y a^BMbRJ; !9 

[0023] Sbi:s*m^y3^»ftii4, 

R + K^iiKJtfS 8 a t %W-h 2 5 a t %^T-a £*VT^ 

x_tf2. 0-3. oiStiSo ^r«BJ6i»M<7>tt: 

Six, {f#e*a®^<o^*fr36«oi4fiB<7?r6i±dS|2lfe 
tt, «TEBftMLfca*i:RI«-efc5o 
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[0024] mmmmm&^v^^^-t&m^^ 

v\ ^:ixSr^bT^#:^g(D^J^^fflv^Tt>. _h|E 
[0 0 2 5] *3»*3S«<o«Si*ffitt. £«-bfc*»lft 

70 tiSOG»»Srft*Lt^t5. Sfc«*S:*ifV 
y = 8 a t %£*_h 2 5 a t % 

[0026] ±E^aifrs«(z>»Jt*«fe"Ctt> ^r«K»&Ck 

/^R^X^X^;*^ *f£ffl&§ttft^<z>-c% 
y ^VBSftR^fiKSixSo 

[0 0 2 7] *fc. ^rttMeWRSr^r/^v^-rSRilJ: 
&8 a t%K±2 5 a t %KT £ ft S J: 5 Sr&if 

vBfcftR^JtBim^tev'y ^v^-ftJR^^^RJ: <9 &<£ 

<ft^ .Wx.fi 3. oa*£fctt*jh^T£fc5 0 bfc 

fc-frfcjtR«*tt3. o^T^ft»9, i&mm,m^mmm 

[0 0 2 8] 

[0029] Hit*ti5iu, iffi i o±\atmmtb 

x.fiJtR«*^2. 7 5i7)^y7y-/^-r^It*i 
J$£;*xT^<5 0 r<^^y 7y-;^ ^/uJKfi, 
Kfl^S (1) T*«SixSfc©-Cfcf9. fetfFLAR 
E (fSn B B*) , SiLK (^p°n^&) , VELOX. (igfp°p 

*) «^BBISSixT*5!9. -^:^x?>S:fflv^5^^:^-c# 
S 0 

[0 0 3 0] 
50 [ft 1 ] 



CfctfU Ar % Ar' tt3Sr#«**« 

[0 0 3 1 ] $ bl-tiiftlll lit-ttjKSfSr'g'tfV 
y a^K^tKl 2 affile $*vri^£ 0 dO^*Sr-g-tfV 
y 2f3\ Ki^8 a t%-2 5 a t %, 

IKftlOat %~ 2 0 a t %Sft^tf - t 

Mb It, ^PSf£2 0 a t %<&<Wt»«3pj&S2-. 7 0 £ 
ffiJi&SdRl 3te#HM6»IBi l fcgSSiSr&tf^y 
[0 0 3 2] * fc_h1S*«*6»« 1 1 ±ERM Ufc 

i/P^rf x!7ct^ (PTFE) , 7^;U:7 

[0 0 3 3] &tC, KSfSr-^tfi^y avWbll 2<D^ 

[0034] g] 2 <o*M&ss#-e*-r X b 
vy =>yS«t^iM^< jfcstcb^^v^jtRS 

y ^ vKfts 1 2 m^(D%mx^istz£ o \^m<o 
( 2 o a t %) xttmmm 2 . zo^tLt^ 

^tei*iim^w^6fc*6T*&3 0 Jtsf«*^3. 0 

ft^sa t %W-h^St?fc5o — mm&^ttfV 
t>K**^2 5 a t%amimtfftb4V^ 

[0035] ±mmmmmmi 3-cfi, #tti&»Ri 1 

±fc«*Sr*tf^y = ^Wi 2ds?g*Stt-c*3 0, 

i^e>, win 1 froiy^^^-rsjs^, mm* 
[0036] sfc, «*m^y3y»ftii 2 hc, 

^T^K^t-^^ft^ 8 a t %J^± 2 5 a t %^T^^tL 
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=^&teM±!9 fcffi< #9, «lx.«2. 0-3. 0 8« 
=» >-iMfcR l2i £^;fcH3:fcJfcR«3pra: 3 . 0 SIT t 

[0037] /i*5, Rim^y^^ftintw 

«**r&tr>y =1 2ttte««fc«:Rasffi 
n*iMttK#»S« B #fc«*O^T*as 3 0 a t 

So T»<^«i»*IISI l l 

y^v^^ i Lr(0«iSr*feSi< 45, £g* 
£*a if>>- y = ^BMfcB! 1 2 *<Dm$Z<DttML& 8 a t % 

«*«rS"tfS'y n^Ml 2 
-bfBRW Lfc J: 5 ft 8 a t %— 2 5 a t %W|6ffl^K^ 
^ Lfc„- 

[0 0 3 8]'±|E«JiiB«B!i 3tt, WTcQi 
Otitis* *-f, IfilO±t:t««Il l^, #Ix. 

tf=«y r y-/^-^/^T^j^-r^ 0 ro^yry- 
[0039] *fc#««i»a 1 1 ^mmmx^m-r 

SO VDfiChemical Vapor Deposition <Z>Bfr) iStCtoTric 
It^lf, 3 0 0°C-4 5 O^ar^r^ftotML 

^ i: Lt, 9'7J\'*V?TZs (C 4 F 8 ) b < fi 
fh77;^pxf i/y (c 2 F 4 ) Srfflv^. Bittl: 
^]±^^t^tc^\CTii^U^ (C 2 H 2 ) fcb<tt3i^ 

u> (c 2 h 4 ) sra-g-rso -«cvD^tta 

V (C4 F 8 ) ^-lOOsccm, ifl/y (C 
2 H 4 ) * 2 0 0 s c c m, ^M#ffl^^JE^ 2 7 P 
40 a — 6 6 7 P-a , SgMS?: 1 5 0^—3 5 0X:i^m 

[0 0 4 0] ^(D^, JiE^rtftl&ttiR'l l±tc^^^r^ 
tfVy'aV'iMtlKi 2S:»*tt^J;oTdiK"t-5. 
*#<0— BfiJi: b"C*i, 30 00 r pmT'lEieLtV^S 
Ml 0<D^mmUJmi l±tCl*^SOG (Spin on glas 
s ) *««r*TU SS'L^lci"9»TLfc#«SOG* 

5, ^^^^ 1 5 0°C-2 0 O^T*^— ^r^^SrfTofc 
fx 3.5 0^4 5 0^3 0^-1^81(0^7 
5^ ^tT9o X«i0(D#«iM6»Ri i-t{z.l%m 
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Ggte^lt, W* fifths (2) fcSSai,* ±5* 

MSQ ^/Uv'^ir^^r^-^rlh Methyl Silsesqui 
oxane ) £r#jV^<5 0 
[0 0 4 1 ] 

0 CH, 

1 I 3 

-S i -O-S i -O- (2) 

I I 
O CH 3 

a^KflsKl 2<7>K*OjK£S*a s 8 a t %«_b2 5 

[0 0 4 3] _bf5tt«l&BilKw«i&*8fetf tt, 
ffil l -b^afSr-^tf^y avKftBtl 2Sr»*ffilcJ: 

[0 0 4 4] £HSSr&£^>y ai'KflsKl 2<£>®i 

f©Klf« s 8 a t%^±2 5 a t %HTt 45± 51- 

*Sr-&tp^y = >-SMfc;iRi 2^>jtRe*«v^y 3^18^ 

«<0*t>ffltJ;i9 tiS< 0i|^ff 3. 0S«t4S, 

mi 2 1 &&t><&t£ttmnm* 3 . 0 t * 5 . (ssi 
mmxfo& 0 

[0045] ms<o (1) tc^-r j; 5 Miaigi^j: 
**r&tr>y avsikii 2^^4^aiiwi 3 

[0 0 4 6] (2) t/Tt±5K: v «i* 

*sr^tfvy = 2 tfrtbttzmmmmmi 3 

tf^/$S;ft/t/S£»Jf fill 6S:3JltJ:«Jibfc»'&Sr^ 
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Lfc Q £fc, «lIl6^2i(cMttt, *fc4» 

[0047] ±mmmmmmi 3^, 00*. a, ib^p^ 

Sr^tf^yp^MMtKl 2HU ^i^A^t^rt^ 

±ot, «9fflv^T^/cv-y =i>»<kK (Jtsta^ 

a* 4. 2) S^LT. 2. 8 &LTfrftZ>Z. i: ^MLt 
£ „ r ;ft,S T*Raffi o T 5 BMfc;K8R#T*tf> JfcRS 

y 3V«ftl)!l 2lct©S4f Hj»tt;BS« 
3. 0£JlT^iB:R*^k*ixS-iSr*|gM#tt 

[0048] m^Stm&^fri/v ^^mtm<Df&m^m 

5R*Sr*tf^y 3^»ft«*:«*bfco JfcttWi: L 

«*Sr*tf^ y a y»ft«S:^7 c V D (CV 
DfiChemical Vapor Deposition <OW&X&>&) StCiZo 

20 [0049] #mm<Dmi&<Dftmx*te, &mio±\z:m 

itf3 0 0 0 r pmt«t5SSl 0©««1 
1-btd. SOG (SOGteSpin On Glass <£>&&t?$>5) 
MTU iHHta^isa^tdJ: DiTUcSOGffi 
S:*«il6i»JRl l±0^ffilcj£^ SOGiieMt 

^fii 5 ot:~2 o ot;-cfTV\ ±fs^r^rfi3 5 ox: 

- 4 5 0 <C-C 3 0 6 0 5 o 

30 [0050] w:, &mmt^x, mmz^tt^v 

RftBKr^X-rcVDSIittl^iLfco -tO/SBWfe 

ftaSr*a^5BB^fflV^Sl!Rfl.^>c©*y (s i 

H 4 ) fc— (N 2 0) (N 2 ) t\C*- 

9> (C 2 H 6 ) ^Sr*PSLSCfc^«tt). ^Ift£r^fr 

vyny^i^itfeo t<Dmmmmz, 

(C 2 H 6 ) ^<oaSJP*«c«t 0«J»Ufeo "**3", figffi 
NFO#tJ&^-f^ njg^!7— «3 5 0W, Sffit^/^^ 
M^f2 4 0 0 < CKK5£LfCo 
^ [0 0 5 1] ±Se7 p 7X-^CVDffi^«t5jK*S:'&tf^ 

y3v»ft»^Rt?ii, ^t:^^^ o^7x-7 

*P*SjB^5, Wfflfc««-rs«3BS:*tfVy a^KYkW 

[0 0 5 2] ^*«teft^ (0!li*iT y— yuai — x 

S4v>^ynyt«^LT, *7yKtC<t9->y 
5(? ^^KfbKSr^iy^-^^bfcii^ *5«ttfS*&^±t) 
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[0 0 5 3] BUt^fJ: 5tc, yyXVCVDSCJ; 

DricKL^v'y =*>&>ffc;iBS da^a^T^-r : p- s i 

O) te. ^#ffifc:fi<K fS^. 

^tri^y = >-SMfclR (ei*oppt-sh- : C - S i O) 

[0 0 5 4] fcfc:, *»WO^frSSfi|C«fo5HJfi© 

mmv—m*. ms^mmmi&WT^m^k^xwiW't 
z>o ms<D (i) -of*, ±faaa»6iB:K i 3 2rii^/i 

(2) t*«, ±Eajn6»ei 3 frMmmte xxfmmm 

[0055] mSCD (1) 0 

wnicm 1 <Dmm$&B.m3 i^m^nx^x,. z^iz. 

ixTV^So 1 1 ^^tf ^> y n y^ftg 3 2 ^ ^ I 

1 ©^r«je»K 3u;$i ©ga^ 2 1 f^it^i 1 <z>a 

[0 0 5 6] K?i 0>j0S5fSr&tf->y =3'^»<kK 

3 2_hKfci\ »2(OE«ft2 4iS^figStb. ^©^2©ia 
*2 4Sr«5««Bfc»2<0*«ite»« 3 3 3&S«*SiXT 

v^x. $ fc^^©±{c^2ojK*sr-&ti->y =^^m<tm 

3 4^s?g^Sj^TV^S 0 I2^v/y =^SS^tK3 
«2©t«»»l3 3iC^2cDia^2 4Kjg-f-6«2<Z> 
Sfic?L2 5^^$jx. -€"^2©g!tt?L2 

[0 0 5 7] ±SBEI 5 © ( 1 ) K J: 9 l&9§ Lfc«fig<Z>E 

=fr«ift»«3 1 i*i ©«*«:-&tp->y ^>mtm3 2 
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m2<D0tmi:'£t*i/V 3y8ftR3 4 

4. 2) & as l vttm-mm&m^vikfj; 

[0 0 5 8] oiO, vy a^lft-fbKtt^Srdtp^i: 

tfv-y ^>^>^^^i^^co^:^sr^prt > ^^^v^vy 

*S*S8 a t %Sk±2 .5 a t %J^"Pa £*bTW5 C <t a> 
0-3. 0|«iftS e £fc, #^^JKcOitM«^fi 

[0 0 5 9] Sfc. ^raiftJWiSr^y^^^-f-SBRfc. 

R?HLfcJ;5fc:, ««il&ft]R(OitB!««»3. O^T^r 
45, 

[0 0 6 0] 15© (2) tc^-rj: 5fc, S«4 

^(D±lcm 1 O^iRSr&ip^y a^BMbRs 2^fig$ 

<Z>*«*6»R'5 lfdtt«l©»4 l^Jgj^StL, -^GOf*) 
SfPfJ:*l©iEj»4 2tfs»j$$;ft,-c^5 0 ±IB^l£D^^ 

Sr&tf^y =*>-»Yt;R5 2 jlkw^i ©kim 2 ^13 

SB 2 5 3 , |2^|^>y^^ft 

154, i3^«il5 5, ^3©Si^v/y 

[0 0 6 1 ] Jtia^2^*Sr-&tf^y aygftlS 4 
tS2©t«»»R5 3tl:ii, ®l©ia^4 2fc^ 

61 i^i?L4 3^«$tt, ^(omi(ommiiA z 

40 OrtglSiCfi^l 0^^^4 4 3&S^Stt•CV^5 0 3 (7) 
^SSr^tf^y = ViSitKS 6 ^l3^Mil5-5 
k\Z.\Z^ ^2«4 5^«^iX, ^CD^iF(5{^Ml 00^ 
^^4 4tcSM-T5^2£Oia^4 6&mj&£ftX\,^Z> 0 
ft*3, ^1 (D^^>/4 4 £S5 2<7)Klft4 6 t tt— fl:^® 

[0 0 6 2] ^SOftSSSr-fttf^y ^^BS-fbBt 

5 6±Ktt, m2cDE^4 4£S5. ^4©t|»I 

50 8 ^4©t«il5 7ii^j:, »20|E^4 4iCii 
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■f-5»2WSS3K7L4 7&m&£tl. *0»2 0»1BIE7L4 
[0 0 6 3] ±IBI25CD (2) ^±9KMbfc«J*(Oia 

mmmzm-tz^mfcmmx^ %mmm»mt>K mi 
^3oKi^^y 3^185 6 tfrbtzzmm 

»8«t**Sttt^r, iBiRSmil6ftlKd^.»2(D^r 

MII5 3 i:JB2<0«*S:-&tfVy = i'SMfcl* 5 4 t 
&X*Mf&£tiX^Z>Zkti*b, #BEi»raite8:K*3J:V# 

^a»S:t^ftv^v'y3yR^kR 0*^^=4. 2) 

[0 0 6 4] o^^ v-y =vK<klK«:«*S:*tfCi: 

So £ ^^sSSr-g-tf^y vKflsKf*. -toK*^ 
8 a t %JgJLb 2 5 a t %^T*a *;ftT^£ C i: ^ 
6, -toitB!«*W:«*<7?-&W*^«t5d^ #lx.fc£2. 
0-3. oSftiftfio ««tt^<aJfc6ftt4*tt 

£ ^XSr-^tp^y =1 >-i6ftKi: J* Bt«*tt 

3. oartfto, (sum^^aBi^fldK^ffiA^tt 

[0 0 6 5] 4fc, tMil^x^fy^f^i^ 
jg^Sr&trv'y ^KflsK^y^^**' i: bT/B 

[0 0 6 6] fcfc:, *«W^*W*8«^»it^ft»2:« 

[0 0 6 7] 0 6 d^-t J: 5 *®fc|6i|*JB (S^; 
T) eMUItee o±i:fift«6 1 

MR 6 l <b dIBlftft 6 3eMt5 0 &i\T\ 
«a«"i: fcix-tf*^** y ^Cii 9.;E»*6 

3©flll:/^ T^>0WI6 4*^figLfc«, *s>*ffi 
«*fc«fc9Ei»«6 4^>rt»KEi»&JRJlS:a»ai>o -t 

ttcMPta^ ->y ^>mtWk§ 2 ±.<D&ftmm 
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m^^v.r^^^me 3 &ifri,xmm&mmfrbte&m 

KDmBe 5 

[0 0 6 8] #:^T\ ?iJx.tf^7X-7CVDil^j;5, 
_hiEfg 1 <^iaH 6 5Sr«5«Slc±E'>y3 >mtWk 6 
2il:|ft'>y^iS6 6Sr«rttS Q 

[0069] #ck, jiia^k v- y = 6 6 ±\zm 1 <o 
ta«iW8i«r, «itf#y7y^n-f/n (it 

R«**S=2. 7 5) T*^i"So ^b(-^0_h^mi^ 

«*Sr*tf^y 3^»ft«8 2tt. ^t(«i^8a t 
%~2 5a t%Sg?'&4*fc<Z>-t?$>!!K ff*b<ttS»S: 
10a t%-20a t%iSttft^*)oT, ^ £ "C 
tt2 0 a t%fl5««S:*t^>y n ^BlftBt <JfcBitt* = 
2. 7 0) T?7g/£bfc 0 

i©KM^>y = >»ft:K8 2 ±\zuz?* mk (m 

sr»fiKbfca. yy^7 7-^-sfifiao*i 

*«>^y =»>»ft«8 2 ^1©«1I8 1 «sny 

[0 0 7 1 ] ^v** MRfifSl cd 

s**^tfv^y =>K>fkiK8 2 t^s^^-raRi^ 

£*bS 0 ^(Dti&b^ ^l(7)tttil8 1^x 7 fy^ 

■rsKJ-tt. igi^st^irvy nyifbis 2^m 

[0 0 7 2] ft JtlE^ 1 <Z>K*Sr&tf V y ^K^t 
J^8 2±l:gM6 7Srffi»atptt«BtJ:»2<o^r«|fti» 
JK8 3 8:, -^Jxitf^y T y-zU-^-^/Mgl (^Jx.ff, It 
M®^=2. -7 5) T^J&i-So ifeV^N Wi2(D&m%& 

^ «9 , 0^ b < tt.RSIS: 1 0 a t %~ 2 0 a t %S*^tf 

to-efeoT, trtf*2 0a t%^s*^t?v'y3 

>mtm iti§m^=2. 70) -Cflgfigbfco 

^©iSfrtt, =t«»»ai«**^tp^y =*>mt 

[0 0 7 3] ii^o^^ bMSft^J:^ 

2<0«*Sr*tf5/y 3^»{t«8 4±tcu^ bBt (H 

5^? ^ brnz^y^y-y^^fKm^^x, %2<omM^ 
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[0 0 7 4] ^co^^^-ete, i*^* MBf*»2<z> 

sx^.^^^^oaiiBSrSfcb, «2(0«rflti6j|ftlK8 3 

-r^fCte, » 2CDjgiSf§r&t^> y =>S6>ffc:K8 4#^ 

[0 0 7 5] -£<z>S* Wifi^^ix^ y v^tcj; 9. _b 
fES^t^e 7 £ ±i£ia^Jg 6 8 o^p^ic^y ^/u 

#<Jx.tfS$M 9. _bf5Sic?L 6 7 ±|SSH^ 

flf6 8 0#rt^lcffl£S«>»fro t©if, JilESg2<£> 
^Sr-^tf^y 3^18 4_h^^^^±ta^tb^ 0 
[0 0 7 6] ^©t, CMPiaot, ±IE^2^K* 

^oei, IBiRSt6 8<7?rtBfPtc:_b|B^y.rp«^yu 
169 Sr^LT<Bd^b*S^2<OiEj»7 O^^S^, 

[0 0 7 7] Stm&^&is!) 3y»ftBox;yf 

[0 0 7 8] Sf, v^hnyxyfy^lil 

X5/fy^[cC 4 F 8 («*&«£*^Ji« i 2 
seem) k-mtfem («»«E»s«x.«l"5 0 s c 
cm) tr/l^V (<£^ffi*j3MJ!IX-fi 2 0 0 seem) 
£fefflV\ ^Jp^I7 — £-1. 60kW, J±Jjfr5. 3P 
a , mWLU&* 1 5 < CtcK^U"C^y^V^*DXSrfi i o 

X'%hthX\t^tL^yJ->'tfm&= 4 0 0 nm/^svy 

^l/5O8 0nm/»|:4ot fl rtU*. ' StRlt 5 
fe«9, i^to^£, v^y 3>-K>ffc;K;i:oaiRJt25S5cix5^ 

[0 0 7 9] ±mmm<D^Jf* hayx^fy^gf^ 
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X*#<7?— #Ji:LTte. ^y^>^^trC4 F 8 (0t 
*&flc4^fi?ax.fi7 seem) t7/^> («*&«K4j3S0!I 
*.ff 2 0 0 s c cm) 3 s c 

cm)i^V\ fPJP^!7 — Sri. 6 0kW, JBE^S: 
5. 3Pa, 5°CtC^t^, 0 ^(D^JDX^ 

mz.X=t ^^^^^tTo^^m, 3 5 0 nm/^x^ 

v-y ^^wtikm&^yT-yyMiL-tz ^<Dm<o^^ 

i<? KffcBio m ^ ^ >- ^igg t t Ay k*^ to ?> * v MI i o 

[0 0 8 0] ±Mmm<D-^sf* V u >>nLy=f-i/ 

ymm*m\<\ mm^t*^? bti* it 

aPX&f^SrjL^rtfb*:. t(D^JL^(D—mk LTfi, 
^y^V^^^C 4 F 8 (tt«SK*tfS0y;tfc£7 s c c 
m) iT/U^ (flt«&SE*^0iJ*.fil 0 0 s c cm) £ 
TOSl^Mitfl 00 s c cm) £SrfflV\ S3 
itf JQ»*!7 — Sri. 6 0 kW. JE^Sr 5. 3Pa, IKS 
£ 1 5t:irKt5o I^DX^^txy^y/^fT 
ofcjfejg:, 3 5 0 nm/r&^x^f-y^g^l^tt 

[0 0 8 1 ] giJ<Z>Jnx£:fl=i: LTfi, 2 JlftftttPWr 5 ? 
C 4 F 8 (flt^SE*^0i|^fj7 seem) £T/U=r>' 

4 o o s c c m) (ms^m 

WiitflOs ccm) tSrfflV\ ffl^D V — — Sr 

J6> 1 . 8 0 kW, RF/^ T^/^!7 — Sr 1 . 2 0kW, x 
y^^^#fflSt^ffi^Sr4. OPa, SfijaSSOtl: 

[0 0 8 2] 4fcgiJ<75jPX*#i: UTtt. m^r< ? n 
^ ^ 0^TECR£^5, ECRf^Electron Cyc 

rotron Resonance CD Pf&) 5/ ^> ^*^S^^ 

x 1 yf.y^ l ;:C4 F 8 («*&SE*dS0IJi tf 5 s 
c cm) irT/U^V (m£$tM&Mx.& 1 0 0 s c c 
m) («J&«IE*^«*.«7 seem) t ^fflV^, 

fflAPy — — Sr 1 . 5 0kW, RF/M7^^!7- 

^ Sr9 0 0W, .^i^^Sffl^JE^S: 1 . OPa, S 
KMSSr 2 O^^^^LfCo 

[0083] iisjpx*ff=tt— M-cfc 5 , ±m&mcm 

[0084] ±n*m#mw<Dm&jj&x^ m\<Dm. 
*«r^t^>y ^ ^s^ffli 8 2 f4, m 1 ^*«i(fii»«8 - i 

Sr^iyf-^^JPX-rsBSfi:^^^ i: LTcT^fgSrmfc 

»2 0«#Sr^tf'>y =^»^tfflt8 4tt, ^2CD^T 
^^8 3 SrrE.y^v-^jDX-rSlB^^^^ t 

5» l©-asiLTa5ii:^f t4ot^5 0 ccoj:p 
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\zmi. m2<Dj%m$:^&i/!) ^^mtms 2, 8 4 a* 

[0085] ±fs**#:36ttT*fi, m 2 ^ia^ 6 9 &m 
s<y 3^»<kffi8 2(D_t{cjF^^nrv^^^ i^s, siag 

7XvCVD K^K"C*n ttT 5 «fc 5 *P X^Sr £rffl 

8 1, 8 3^:11, ®20Si^tf^ynyt«8 
2, 8 4^&>S5Jira*ftiBiK8 5<DJtBIB*tt. <£T 
2. 7-2. 8<^«-«-"C«fi8$ixT*3l9, HJiKI&ra. 

[0 0 8 6] 

[0 0 8 7] *38WoaJilft|^o«ffl*ffitj:J:jxri, 
»*fetcJ:oT#«iie»ll)t±^«3liS:-&tf^y =»>«fls 

[0 0 8 8] *«W<D^Wfr««jcJ:^ff, #fl|jttlftiR 

±i-^fig*^-CV^5jK*S:-&tf>'y 3>-K{tRfi, ->y 
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oo. JtRa^dSiSv^ir/cCoTV^So Lfc^oT* It 

<D¥m>#mn<D&m<Dfa±&mz>zb&x*$z>. 

*«*6ftKSr3iy^>'^*f-5Kt-^*S:'g-tf>'y nyi 

[0 0 8 9] *»MCD^*ff3S«©fi5e^ife^ < ttb«, 
ttffi«fe^±oT*«»«ffll±fc«*Sr^tf^y =>-BftYfc: 

[mi] **M(ott»i^Kt*^«ie*i£^ffifo5ii 

56 <£> TgJfi co — #)j £ ^ f ® Rg « je£ Bf E ID ~C $> 5 0 
30 [HI 2] ^SfSr.-g-tf^y n vK^JKo^^co^^r*^© 

[83] *^P^^aJl$6^^^fcS^0iJ^^-rfi£B& 
[8 5] *^ig^^^gf^^5||JSco?f^(D--^!| 

^ im 6 ] *«w©**»»a^saag*fe^«fc5iij!jfi(D 

[0 7] JSJHSr^^am&fllfiKBfEia-CfcSo 
1 1 -*«ite»M, 1 2 -^Sr-g-tf v/y n v&tefil, 

i3-ajH«»M 
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[127] 
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F I 




r-vn-r <##) 


C08L 


83/04 




C 0 8 L 


83/04 


5 F 0 5 8 


HO 1 L 


21/3065 




H 0 1 L 


21/312 


A 




21/312 




C 0 8 J 


7/00 


3 0 7 




21/768 




HOI L 


21/302 


F 


// C 0 8 J 


7/00 


3 0 7 




21/90 


S 



Q 



(72) xm 

Mff^S,)\\m.At&)W 6T1 7#35^ y: 

(72)3851* flJBg 

^M®D D p)IIE^bB° D JI| 6TS 7#35^- y: 



4F006 


AA18 AA31 


AA39 


AA42 


AB39 




AB54 BA16 


CA08 


DA04 


EA01 




EA05 








4F073 


AA06 BA33 


BA49 


BA52 


BB01 




CA49 DA01 


DA05 






4J002 


CP031 DA016 FD206 GQ05 


5F004 


AA02 BA04 


BA13 


BAH 


CA02 




CA03 CA04 


DAOO 


DA23 


DB03 




DB23 EA06 


EB03 






5F033 


JJH JJ32 


MM01 


PP15 


PP27 




QQ09 QQ10 


QQ13 


QQ28 


QQ48 




QQ49 RR04 


RR06 


RR12 


RR20 




RR22 RR24 


RR25 


SS15 


SS22 




TT04 WW04 


XX24 


XX25 




5F058 


AA10 AD01 


AD07 


AD09 


AE05 




AF04 AG01 


AH01 


AH02 





